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1. INTRODUCTION 
  Digital signage has become popular in shops and in web sites 
as advertising media for sales promotion [1]. Customers receive 
much information of commodities through digital signage in 
shopping. In order to recommend the commodity through the 
digital signage, it is important not only to display commodities 
matching with each customer’s preferences but also to provide 
optimal information to express commodity’s features. Analysis of 
page view logs is traditional to estimate each customer’s 
personal preference of commodities. However, it is difficult to 
analyze detailed information, such as photographs and linguistic 
explanations of the commodity. Therefore, objective evaluation is 
necessary to supply the optimal information. 
  Recently, Neuroimaging instruments have been well 
developed to understand human brain functions. Neuroimaging 
has used on clinically researches and medical treatments and 
started to apply to marketing research. Some indices of brain 
activity can be a key to estimate the degree of his attention to the 
information as well as his attention to the commodity. It is 
important to detect the objective evaluation of a connection 
between brain activity and the preference instead of questioner of 
subjective evaluation. Therefore, we focused on differences of 
Information modalities, which are visual and linguistic information 
as first step. Purpose of this study was to reveal whether brain 
activity was different during watching information modalities.  
  There are some instruments of measuring brain activity, such 
as Optical Topography (OT) based on near infrared 
spectroscopy (NIRS), electroencephalography (EEG), and 
functional magnetic resonance imaging (fMRI). In this study, the 
neuroimaging method should be able to measure under natural 
conditions or less-restriction. Therefore, we employed OT, which 
was non-invasive and restraint-free, less noise than EEG, and 
higher temporal resolution than fMRI [2]. The human brain 
functions of babies and adults have been revealed in some 
previous studies of using OT [3][4].  
   
.2. EXPERIMENT 
2.1. Participants 
  Twenty participants were healthy Japanese and right handed 
(mean age 23.65 ± 1.69 years, range 22-29 years). The reason 
of right-handed is that the brain activity is significant different 
whether participants are right-handed or left-handed [5]. Written 
informed consent was given by all participants and the study was 
approved by the Chuo University ethical committee. 
2.2. Optical Topography Instruments 
  We used the Optical Topography (OT) system (ETG-4000, 
HITACHI Medical Cooperation), using two different wavelengths, 
which was 695 and 830 nm. We analyzed the optical data based 
on the modified Beer-Lambert Law [6] as described [2]. This 
method allowed us to calculate signals reflecting the changes in 
the oxygenated hemoglobin (oxy-Hb), deoxygenated 
hemoglobin (deoxy-Hb), and total hemoglobin (total-Hb) 
concentration changes with partial path-length in the cortex, 
calculated in units (mill molar-millimeter) [2].  
2.3. Stimuli 
  Experimental sequence is showed in Figure. 1. In this study, 
we used clothes for stimuli and focused on differences between 
photographs and literatures of clothes. Participants looked 
fixation point in 30 seconds in control duration before first stimulus 
duration. In stimulus duration of visual stimulus, the participants 
watched the visual stimulus of the cloth carefully in eight seconds 
to judge their preference, in succession, the participants judged 
the preference in four seconds by rating scale five degrees for 
preference (Excellent > Good > Fair > poor > None) (Figure. 1. 
(a)). To record their preference, participants answered the 
preference by finger sign. In control duration after the stimulus 
duration, participants looked fixation point in 20-30 seconds 
which durations were randomized. In stimulus duration of 
linguistic stimuli, the participants read explanations of the cloth 
carefully to judge their preference, in succession, the participants 
judged the preference by rating five degrees for preference 
(Figure. 1. (b)). Time schedule and a method of answering their 
preference were same as the visual stimulus. Each stimulus had 
15 sets, and the order of the stimuli was randomized by every 
participant. 
 
 
 
 
 
 
 
 
Figure. 1 Experimental sequence of visual and linguistic stimulus. 
2.4. Placement 
  Measurement areas were determined to visual cortex in partial 
robe and language area in left side of brain, because we used 
photographs and explanations of a cloth for a stimulus. When we 
set the optical probes on visual cortex (Figure. 2(a)) and 
language area (Figure. 2(b)), the probes were placed according 
to the international 10-20 systems in electroencephalography [7].  
 
 
 
 
 
 
Figure. 2 Measurement positions. 
2.5 Virtual registration of OT channels MNI space 
  For spatial profiling of OT data, we employed virtual registration 
(VR) to register the data to MNI standard brain space [8][9][10].  
  From the result of VR, we divided brain regions into 7 regions 
based on VR: these were Somatosensory Association Cortex 
(SAC), SAC and V3 (SAC&V3), V3, V2, V2 and primary visual 
cortex (V2&V1), V1, and Broca’s area (Figure. 3). 
 
 
 
 
 
 
Figure. 3 Regions determined by VR. 
3. ANALYSIS METHOD 
3.1. Hypothesis in Our Study 
  We set two hypotheses in this study: first hypothesis was that 
visual cortex during watching a visual stimulus was more 
activated than watching a linguistic stimulus. The other was that 
language area during watching the linguistic stimulus was more 
activated than watching the visual stimulus. 
3.2. Processing of measuring OT data 
  Measuring data were processed by POTATo. We focused on 
changes of oxy-Hb values to observe differences of brain activity 
during watching different stimuli. 
  First, a tendency of whole duration was removed from 
measuring data in each participant’s brain activity by a linear 
fitting. Second, high and low frequency noises were removed 
from the data by using high-pass filter (0.012Hz) and low-pass 
filter (0.8Hz). Third, motion artifacts were removed from the data 
by the criterion which the difference of value between two 
consecutive sampling (100 ms) were exceed 1-standard 
deviation (sd) of whole signal. Forth, the data were divided into 15 
stimuli, and pre time (five seconds) and post time (15 seconds) 
were set on each stimuli data. Continuous measured data 
divided into 15 temporal blocks. Each temporal block consists of 
pre-stimulus time (five seconds), stimulus time (12 seconds), and 
post-stimulus time (15 seconds). Fifth, if motion artifacts are 
detected in third step, the temporal block is removed Sixth, zero 
point at five seconds before stimulus duration was set for bias 
control. Seventh, physiological less-reliability data were removed 
by the criterion, which maximum and minimum values in each 
block were from -0.5 to 0.5. Finally, we obtained time curves in 
each temporal block, each CH, and each participant. Mean 
curves of all participants and on each CH were calculated. From 
the mean curves, we found that significant response were from 
15 to 27 seconds. Next, all blocks were categorized into like or 
dislike block, which were indicated by finger sign. Therefore, we 
employed mean values from 15 to 27 seconds as representative 
value in each CH, in each like or dislike category, and on each 
participant.  
  Mean values of ROIs in each like or dislike category and on 
each participant were calculated by each CH, which were based 
on VR. 
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4. RESULTS 
  We tested statistical analysis by two-way repeated measures 
analysis of variance (ANOVA) on stimulus type (visual, linguistic) 
and preference (like, dislike) in each brain region (SAC, SAC&V3, 
V3, V2, V2&V1, V1, and Broca’s area) by SPSS statistical 
Software Package 22.0 (SPSS, Tokyo, Japan). In analysis, 
Bonferroni correction was used to counteract the problem of 
multiple comparisons.  
  As results, we could find a significant main effect of the 
stimulus type only in SAC&V3 (F(1,18) = 9.194, p < 0.05, 
Bonferroni-corrected, η^2 = 0.338) (Table. 1, Figure. 4). However, 
we could not find significant main effects and interactions in other 
six regions. By comparing each stimulus’s average in SAC&V3, 
an average of the visual stimulus was bigger than that of linguistic 
stimulus. In other words, this result suggested that when 
participants watched the visual stimuli, V3& SAC was more 
activated than when the participants watched the linguistic stimuli.  
  In Broca’s area, an interaction between the stimulus type and 
the preference was not significant, but p value was lowest among 
all regions. Then, we verified whether there was a correlation 
between the stimulus type and the preference. In correlative 
analysis, we did not normalize each participant’s preference and 
used the preference of rating scale five degrees. Outliners on 
each preference were removed by inter quartile range. As results, 
a correlation coefficient was 0.05905 on the visual stimulus, and 
that was -0.35940 on the linguistic stimulus, which was showed 
significant on the linguistic stimulus by test for no correlation (p < 
0.05, Bonferroni-corrected). This result showed that when the 
participants had the preference on the linguistic stimulus, there 
was deactivated tendency of brain activity in Broca’s area while 
the participants watched the linguistic stimulus and had the 
preference (Figure. 5). 
Table. 1. Results of ANOVA on main effect of stimulus type. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 4 Result of main effect of the stimulus type. 
 
 
 
 
 
 
 
 
Figure. 5 Result of correlation in Broca’s area. 
5. DISCUSSION 
  Our current purpose was that brain activities in visual cortex 
and language area are significant differences during watching 
different information, which are visual and linguistic stimulus of a 
cloth. From results of analyzing OT data, we found a significant 
main effect of stimulus type in SAC&V3, and an average of visual 
stimulus was bigger than that of linguistic stimulus.  
  A previous study of focusing on V3 has showed the size of the 
receptive fields is relatively large in V3 [11], and it may be large 
enough to encompass target and non-target location [12]. 
According to these reports, when participants watched the visual 
stimulus, it is possible that the participants watched not only a 
target, which the participants focused on carefully, but also 
non-targets around the target unconsciously. On the other hand, 
when the participants watched linguistic stimulus, the participants 
watched words in relatively narrow area. Previous studies of SAC 
have showed a role of SAC during speech production [13] and 
activities during speaking first language and second language 
[14]. Although there are some studies of SAC, it is difficult to 
interpret connectivity between experimental task and the spatial 
data by the previous studies. However, the connection should be 
revealed for future issue. Recently, there is considerable interest 
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in examining the connectivity between brain areas, and functional 
connectivity can provide important insights into the functional 
relationships between brain areas [15]. To interpret the 
connectivity between experimental task and an activation of SAC, 
new method may be effective. 
  We set a hypothesis, which Broca’s area during the linguistic 
stimulus was more activated than watching the visual stimulus. 
However, we could not find a significant main effect and 
interaction in Broca’s area. A previous study of fMRI has 
observed activation in Broca’s area and Wernicke ’s area during 
covert naming tasks [16], but a previous study of OT has not 
showed a similar result and suggested covert naming tasks are 
not suitable for neurolinguistic observation using OT due to the 
smaller signal amplitude of Broca’s area [17]. Therefore, we had 
similar results like the previous OT’s study. However, p value of 
the interaction was in Broca’s area lowest among all regions, and 
we analyzed correlation. A coefficient of correlation on linguistic 
stimulus was -0.35940 (p < 0.05, Bonferroni-corrected). This 
result showed that significant negative correlation between 
changes of oxy-Hb and preference in Broca’s area in left side of 
brain was observed during watching the linguistic information. 
We think the reason why an activity in Broca’s area was lower is 
that when the participants found the word and had the preference, 
the participants did not need to pay attention to explanations 
carefully any more. On the other hand, when the participants did 
not have the preference, the participants need to pay attention to 
the explanations, and the activity was more than having the 
preference. Therefore, it is important to reveal this suggestion 
and focus on Wernicke ’s area. 
6. CONCULUSION 
  In current study, we focused on differences between 
photographs and literatures of clothes, and our purpose was to 
reveal the different brain activity, especially in visual cortex and 
language area, during watching a visual or linguistic stimulus. 
From results of analyzing OT data, we could find a significant 
main effect of stimulus type in SAC&V3 and a significant 
correlation between an average of linguistic stimulus and 
preference in Broca’s area. The result in SAC&V3 showed that 
when participants watched the visual stimulus, a region of 
SAC&V3 was more activated than during watching linguistic 
stimulus. The other result showed significant negative correlation 
between brain activity and preference in Broca’s area. 
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